SuMMARY Many patients with congenital heart disease now undergo cardiac surgery based solely on clinical and echocardiographic findings, but those with intracardiac shunts still frequently require cardiac catheterisation because there is no reliable non-invasive method of measuring the pulmonary artery pressure. Blinded to the haemodynamic results two independent observers retrospectively studied the cross sectional echocardiograms of 59 patients with uncomplicated ventricular septal defect to assess whether diastolic backward bowing of the pulmonary valve leaflets towards the right ventricular outflow tract (pulmonary valve prolapse) was associated with pulmonary hypertension. There was considerable interobserver variation in the diagnosis of pulmonary valve prolapse, but concordance was achieved in 27 cases. Mean pulmonary artery systolic and mean and diastolic pressures and the ratios of aortic to pulmonary artery mean pressures were all significantly higher for the group with pulmonary valve prolapse diagnosed by both observers than for the group without, thus showing an association between pulmonary valve prolapse and pulmonary hypertension. Further studies are warranted to determine the usefulness of this cross sectional echocardiographic sign in routine clinical practice.
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In many patients with congenital heart disease the relevant intracardiac anatomy can be clearly demonstrated by modem high resolution cross sectional echocardiography, but cardiac catheterisation remains necessary in many cases to assess the degree of pulmonary hypertension. In an attempt to obviate the need for these often repeated invasive procedures many studies have been performed predominantly using M mode echocardiographic observations of pulmonary valve motion. A few non-invasive markers of increased pulmonary artery pressure have been identified.'-5 None of these has, however, found a routine place in clinical practice.
It is well known that severe pulmonary hypertension can cause clinically evident pulmonary regurgitation. We had noted during routine cross sectional echocardiography that some patients with pulmonary hypertension showed diastolic backward bowing or prolapse of the pulmonary valve leaflets and presumed that this might ultimately result in pulmonary incompetence. This observation prompted us to test the hypothesis that the cross sectional echocardiographic 1979 and June 1983. Patients with coexistent persistent ductus arteriosus were, however, excluded since diastolic blood flow from aorta to main pulmonary artery may affect pulmonary valve motion.6 We also excluded patients who were studied after repair of the ventricular septal defect or who had pulmonary stenosis.
Fifty nine patients met these criteria, and these yielded 61 echocardiograms for review. These echocardiograms were examined by the same observer who had formulated the definition of pulmonary valve prolapse and by a second echocardiographer who had not previously studied pulmonary valve motion in detail. Although both observers used the same definition of pulmonary valve prolapse, observer 1 was prepared to identify the points on the opposite sides of the pulmonary trunk from which the pulmonary valve leaflets originated on different cross sectional echocardiographic frames, whereas observer 2 required that both these points be identified on the same stop frame. PA, pulmonary artery; Ao, aortic.
were performed using standard techniques. Oxygen consumption was not routinely measured.
In analysing the results, the haemodynamic variables were categorised according to whether pulmonary valve prolapse was present (Y), absent (N), or unknown (U) for observer 1, observer 2, and for the combination of both the observers. The haemodynamic variables examined were pulmonary artery systolic pressure, pulmonary artery mean pressure, pulmonary artery diastolic pressure, the ratio of pulmonary to aortic systolic pressures, and the ratio of pressure, pulmonary to aortic systolic ratio, and pulmonary to aortic mean ratio showed significant differences (p<0.05). The mean values for categories (N) and (U) were not significantly different for any of the haemodynamic variables. When categories (N) and (U) were combined and compared with category (Y) significant differences (p<0-05) were found for pulmonary artery mean pressure, pulmonary artery systolic pressure, pulmonary artery to aortic systolic pressure ratio, and pulmonary artery to aortic mean pressure ratio.
COMBINED RESULTS
There was agreement between observers in 27 of the 61 (41%) reviewed echocardiograms ( (Fig. 3) . This finding was highly significant (p<0-001). Other factors may also affect some of these variables, further reducing their reliability in predicting Robinson, Wyse, Macartney pulmonary artery pressure. Kerber et al showed that cardiac output, heart rate, and concurrent drug treatment each had an effect on the ratio of right ventricular pre-ejection period to ejection time.'0 Furthermore, Green and Popp studied pulmonary valve motion in relation to other anatomical factors with M mode and cross sectional echocardiography and found that there was a relation between the motion of the posterior aortic wall and that of the pulmonary valve in late diastole. They also showed that the size of the pulmonary valve "a" wave was related to motion of the entire cardiac base as well as to left atrial volume changes.
Stevenson et al used Doppler ultrasound to predict pulmonary hypertension in patients with persistent ductus arteriosus.'2 They found that when ductal blood flow occurred throughout the whole of diastole there was a normal pulmonary pressure. Nevertheless, there was a non-linear correlation between degrees of raised pulmonary pressure and the degree of abbreviation of ductal flow. More recently, using a nomogram described by Burstin,'3 Hatle et al showed a linear correlation between pulmonary artery systolic pressure and the interval between pulmonary valve closure and tricuspid valve opening identified by Doppler ultrasound.'4 Limitations of this technique were similar to those in previous studies with systolic time intervals. It proves unreliable when there is an increased right atrial pressure, increased right ventricular end diastolic pressure, tricuspid regurgitation, very low cardiac output, or pulmonary regurgitation, all of which can occur with chronic pulmonary hypertension. Furthermore, recording the time of pulmonary valve closure was not always easy in their study. Great accuracy in this is vital since a 10 ms error in timing will create an error of 10 mm Hg in pressure estimation. This technique is therefore unlikely to become useful clinically because of the difficulty in making the measurements and the large scope for error.
Studies assessing a non-invasive measurement against a gold standard are best tested with the independent opinions of more than one observer, each blinded to the true results. Few of the studies reviewed above fulfilled these criteria so it is perhaps not surprising that so few of the results reported have been reproducible by other workers. In only two of the studies2 12 was it stated that the echocardiographic measurements or observations were made before invasive testing-that is, blinded to the true results. Some missed the opportunity to test interobserver error, instead using the consensus of all investigators to arrive at their opinions. -' 12 In our study two independent observers compared the occurrence of pulmonary valve prolapse with various haemodynamic pressures and ratios which might Significance of echocardiographic pulmonary valve prolapse be expected to affect diastolic pulmonary valve one indicant of pulmonary hypertension along with motion. Pulmonary arteriolar resistance was not several other preferably independent non-invasive included among these because oxygen uptake is not measures a multivariate model might have a higher routinely measured during cardiac catheterisation in predictive value. our laboratories and assumed values in small patients 
